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Stable isotope (δ18O and δ13C) 
measurements in foraminifera tests are widely used for 
paleoceanographic interpretations (WEFER et al., 
1999; ROHLING; COOKE, 1999). This is attained 
since during calcification foraminifera registered in 
their tests the stable isotope signature and 
environmental conditions of seawater of their local of 
calcification in a somehow predictable way 
(ROHLING; COOKE, 1999).  
Foraminifera test size is an important source 
of stable isotope variability found in sediment 
samples. Some of this variability is associated to 
foraminifera physiological effects (e.g., symbiotic 
photosynthesis, respiration and calcification) which 
can vary along ontogeny and affect stable isotope 
measurements in foraminifera tests (ZEEBE et al., 
1999). Regional environmental variables can also 
affect simultaneously both stable isotope values and 
foraminifera test size resulting in another source of test 
size/stable isotope variability (DEUSER et al., 1981). 
Although it is especially important in planktonic 
foraminifera (RAVELO; FAIRBANKS, 1995), some 
studies have found test size/stable isotope variation in 
benthic foraminifera (CORLISS et al., 2002). This test 
size/stable isotope variability can result in offsets from 
predicted values having important implications when 
choosing test size fractions for paleoceanographic 
interpretations (OPPO; FAIRBANKS, 1989).  
Cibicidoides wuellerstorfi is an epibenthic 
foraminifera species of great importance in stable 
isotopic paleoceanographic studies (MACKENSEN; 
LICARI, 2003). Nevertheless its paleoceanographic 
importance no stable isotope (δ18O and δ13C) test size 
relationship studies in this species are found in the 
literature.  
Generally δ13C measurements in C. 
wuellerstorfi are related in a 1:1 ratio with δ13C values 
in deep water (δ13CDIC) (MACKENSEN; LICARI, 
2003). Positive δ13C offsets in C. wuellerstorfi have 
been observed in regions of high surface productivity 
and  low  carbonate   sediment  concentration  and 
were explained by the undersaturation of bottom water 
conditions (MACKENSEN; LICARI, 2003). In some 
oligotrophic regions, including the Brazilian 
Continental Margin, positive δ13C offsets have been 
observed for this species (MCCORKLE et al., 1998; 
OPPO; HOROWITZ, 2000) and are yet not explained.  
If local environmental conditions induce C. 
wuellerstorfi test size /stable isotope related variability 
in the study area it may be possible that the positive 
δ13C offset observed for this species in the region is 
result of the test size fraction selected for these studies. 
The present work explored stable isotope (δ18O and 
δ13C) relationship with test size fractions of C. 
wuellerstorfi and its relation with predicted values of 
calcite in equilibrium with deep water (δ18OEQ and 
δ13CDIC) in three core top samples of the Brazilian 
Continental Margin in order to verify if δ13C offsets 
observed in the region can be explained by the δ13C 
variation related to size.  
Piston core KF-G was recovered at 1957 
meters water depth at 20º51`S, 39º08`W in the South 
Atlantic Brazilian Continental Margin (southwestern 
South Atlantic). Three core top samples were selected: 
1.5 cm, 9 cm and 16 cm.  Accelerator Mass 
Spectrometer (AMS) radiocarbon dating was 
performed on Globigerinoides ruber tests of sample 
1.5 cm. δ18O values in C. wuellerstorfi were used to 
check Holocene interglacial conditions of 9cm and 
16cm samples (COSTA et al., 2006).  
Samples were washed with distilled water in 
63µm mesh size and dried at 50ºC. Samples were then 
separated in four mesh size ranges: 150-250µm, 250-
300µm, 300-355µm and >355µm. Stable isotope 
measurements were conducted in single C. 
wuellerstorfi test.  Replicate samples were performed 
in the 150-250µm size fraction.  
Stable isotopes analyses were made in 
Woods Hole Oceanographic Institution 
micropaleontology laboratory using a Finnigan 
MAT253 mass spectrometer. Isotope values are 
represented in standard δ notation relative to the 
Vienna Pee Dee Belemnite (PDB) for calcite and 
Vienna Standard-Mean-Water (VPDB) for sea water. 
Calibration of the PDB is via the NBS-19 and the 
precision is ±0.07 for δ18O and ±0.03 for δ13C.  
Annual temperature and salinity data from 
deep water in a station close to KF-G location 
(WOAKF-G; 14.5ºS, 38.5ºW) were obtained from the 
World Ocean Atlas, 2005 (WOA05) (LOCARNINI et 
al., 2006; ANTONOV et al., 2006). These data was 
                      
used for identifying deep water mass based on Silveira 
et al. (2000), for estimating stable oxygen isotopes 
values in seawater (δ18OW) and in equilibrium with 
seawater (δ18OEQ). δ18OW was estimated based on 
annual salinity WOA05 data and δ18O/salinity NADW 
equation from Legrand and Schmidt (2006). δ18OEQ 
was estimated based on δ18OW and annual temperature 
WOA05 using Kim and O’Neil (1997) 
paleotemperature equation. δ18OEQ (SMOW) was 
converted to δ18OEQ (VPDB) after Hut (1987). δ13CDIC 
was obtained from a deep water GEOSECS station 55 
(18ºS, 31ºW) (BAINDBRIDGE, 1981) next to the core 
location.  
In general, δ18O measurements in 
foraminiferal tests have less offsets from predicted 
values than δ13C measurements (GROSSMAN, 1987). 
Moreover, in the study area C. wuellerstorfi calcify in 
δ18O equilibrium with seawater using Kim and O’Neil 
(1997) paleotemperature equation (COSTA et al., 
2006).  
 
 
 
 
Thus, δ18O values can be used to evaluate 
δ13C offsets in C. wuellerstorfi. δ18O and δ13C values 
measured in C. wuellerstorfi were compared with 
δ18OEQ and δ13CDIC, respectively from the location and 
depth of KF-G core in order to evaluate offsets from 
predicted values.  
Core top location is bathed by North Atlantic 
Deep Water (NADW) waters (Table 1). No systematic 
stable isotopic (δ18O
 
and δ13C) change with test size 
fraction was observed (Fig. 1). Radiocarbon dating 
confirmed Holocene age for sample 1.5cm (3540 
radiocarbon age, 3482 calendar age). C. wuellerstorfi 
δ18O
 
mean
 
values are in equilibrium with δ18OEQ 
values (∆δ18O values between -0.05‰ and 0.09‰) 
(Table 1, Fig. 1) corroborating with the radiocarbon 
data and indicating that all three core top samples are 
representative of Holocene conditions (COSTA et al., 
2006). δ13C mean values are higher than δ13CDIC 
values
 
(∆δ13C values between +0.24‰ and +0.33‰) 
(Table 1, Fig. 1). Maximum intraspecific variability 
(i.e. between a single size fraction and between size 
fractions) is 0.34‰ and 0.29‰ for δ18O and δ13C, 
respectively.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 1. δ18O (‰) and δ13C (‰) measurements in C. wuellerstorfi test size fractions. ∆δ18O and ∆δ13C values are δ18OEQ and 
δ
13CDIC values subtracted from mean test δ18O and δ13C measurements, respectively.  
 
Sample depth Test size fraction (µm) Replicates No. tests δ18O ∆δ18O δ13C ∆δ13C 
1,5 cm        
 150-250 3 1 2,85  1,25  
 150-250  1 2,94  1,43  
 150-250  1 2,79  1,28  
 250-300 1 1 2,79  1,36  
 300-355 1 1 2,86  1,34  
Mean    2.85 0.09 1.33 0.33 
stdev    0.06  0.07  
9 cm        
 150-250 2 1 2,72  1,25  
 150-250  1 2,77  1,37  
 250-300 1 1 2,79  1,21  
 300-355 1 1 2,64  1,16  
 >355 1 1 2,63  1,21  
Mean    2.71 -0.05 1.24 0.24 
stdev    0.07  0.08  
16 cm        
 150-250 3 1 2,85  1,39  
 150-250  1 2,62  1,15  
 150-250  1 2,91  1,44  
 250-300 1 1 2,82  1,28  
 300-355 1 1 2,61  1,38  
 >355 1 1 2,58  1,23  
Mean    2.73 -0.03 1.31 0.31 
stdev    0.14  0.11  
NADW (2000m) T= 3.3ºC S= 34.9‰ δ18OW= 0.07‰ δ18OEQ= 2.76‰  δ13CDIC= 1‰  
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Fig. 1. Mean (A) δ18O and (B) δ13C measurements in C. wuellerstorfi in core KF-G related to test size 
fraction. In left margins δ18OEQ (A) and δ13CDIC (B) values obtained at 2000 water depth are shown for 
comparison with foraminifera measurements. 
 
As opposed to planktonic foraminifera 
where size related stable isotope variability is 
generally observed (RAVELO; FAIRBANKS, 1995; 
ELDERFIELD et al., 2002), few deep sea benthic 
foraminifera species have shown stable isotope 
variation with test size (SCHMIEDL et al., 2004; 
MCCORKLE et al., 2008). Variation in the stable 
isotope signature of different size fractions of deep sea 
foraminifera are explained by one of two mechanisms. 
One the one hand, kinetic fractionation during 
calcification of foraminifera tests and/or the 
incorporation of metabolic CO2 during calcification 
can modify the stable isotope signature registered in 
foraminifera tests (WOLF-GLADROW et al., 1999). 
Then, variable metabolic rates during ontogeny can be 
reflected in stable isotope variability related to test size 
(BERGER et al., 1978; DUNBAR; WEFER, 1984) 
Other possibility is that fossil foraminifera in a sample 
represent a range of ages and that different local 
environmental conditions prevailing over an interval 
of time (e.g., organic matter fluxes) preferentially 
affect any particular size fraction (CORLISS et al., 
2002). In epibenthic deep sea foraminifera no stable 
isotope variation with test size has been observed 
(VINCENT et al., 1981; DUNBAR; WEFER, 1984; 
CORLISS et al., 2002). This has been attributed to the 
low temperature and stability of deep sea together with 
longer life cycles and slower growth rates of deep sea 
benthic foraminifera when compared to planktonic 
foraminifera (SCHMIEDL et al., 2004). The lack of 
test size stable isotope variation in C. wuellerstorfi 
observed in this study corroborated other epibenthic 
findings and suggests low ontogenetic related 
physiological effects and/or lack of local 
environmental size related control for this species in 
the region. Moreover, it indicates that the test size 
fraction is not a limiting factor for paleoceanographic 
studies based on oxygen and carbon stable isotopes 
values of C. wuellerstorfi.  
In general the number of deep sea benthic 
foraminifera tests is a limiting factor for 
paleoceanographic studies. Thus, paleoceanographic 
interpretations using stable isotope measurements in 
deep sea benthic foraminifera usually use between one 
and three tests per stable isotope analysis (e.g. 
CORLISS et al., 2002; MACKENSEN; LICARI, 
2003; COSTA et al., 2006). The stable isotope 
analysis of single test reflects maximum stable isotope 
variability (BILLUPS; SPERO, 1995). In this case 
single test analyses (both within a single size fraction 
and between test size fractions) indicate relatively low 
oxygen (0.34‰) and carbon (0.29‰) stable isotope 
intraspecific variability.  However, improvement in 
paleoceanographic precision can be obtained using 
more than one test per analysis.  
       C. wuellerstorfi stable isotopes range of 
variation from predicted equilibrium generally 
accepted in the literature is ±0.2‰ for both δ18O 
(COSTA et al., 2006) and δ13C (MACKENSEN; 
LICARI, 2003). Present offset observed for C. 
wuellerstorfi (∆δ18O values between -0.05‰ and 
0.09‰) indicates calcification in equilibrium with 
bottom water δ18O and temperature and are in 
agreement with other studies developed in the region 
(COSTA et al., 2006). In the study area, positive δ13C 
offsets (from +0.2 to +0.5‰) have been observed in 
both live and dead C. wuellerstorfi tests (OPPO; 
HOROWITZ, 2000) and are yet not understand. 
Present C. wuellerstorfi δ13C offsets observed (∆δ13C 
values between +0.24‰ and +0.33‰) give support to 
these findings and indicate that test size fraction can 
not explain this positive δ13C offset since δ13C values 
of all size fractions were higher than δ13CDIC. In areas 
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of high productivity and low sediment carbonate 
concentration (c.a. 5%) Mackensen and Licari (2003) 
explained the high δ13C offsets in C. wuellerstorfi with 
the undersaturation of the carbonate ion in deep 
waters. This is based in the effect that the carbonate 
ion concentration produces in both δ13C and δ18O 
fractionation in foraminifera (SPERO et al., 1997).  
Oligotrophic surface waters (BRANDINI, 2006), 
deep-sea sediment carbonate values (c.a. 18%; 
BARIANI, personal communication) and the lack of 
positive δ18O offsets in C. wuellerstorfi (this study) 
suggests the carbonate ion effect is not influencing 
δ13C fractionation in the area. However, this needs 
further investigation. Thus, factors influencing this 
δ13C offset still need to be understood.  
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